A new alternating field demagnetization apparatus is described which produces peak fields of up to 200 milliweber m-' (2 000 gauss). Use is made of a special infinitely variable transformer to raise and lower the current in the demagnetizing solenoid. The apparatus has been made completely automatic which considerably speeds up routine demagnetizing procedures in palaeomagnetic investigations. Some discussion is given of the most suitable tumbling arrangement for the rock specimen and it is suggested that tumbling ratios of either 8 : 15 or 11 : 16 have some advantage over those used by other workers.
Introduction
In palaeomagnetic studies it has now become almost routine procedure to subject rock specimens to alternating magnetic fields in order to test the stability of the remanent magnetism and to remove secondary components of magnetization acquired since the rock was initially formed. As & Zijderveld (1958) originally subjected rock specimens to alternating magnetic fields applied successively to three perpendicular axes. Later Creer (1959) improved upon this by placing his specimen in a tumbling mechanism which rotated about two perpendicular axes with different speeds. This arrangement allowed different parts of the specimen to be brought successively into the alternating field so that there was no preferential demagnetization of the specimen in any direction. Demagnetizing equipment in use in most laboratories is now mostly based upon Creer's method.
In this laboratory the demagnetizing apparatus in use has been described by McElhinny & Gough (1963) and was designed to produce peak fields of up to 80 milliweber m-* (800gauss). McElhinny & Opdyke (1964) , in their study of the dolerites of eastern Southern Rhodesia, found that many of their samples were still extremely stable even after demagnetization in fields up to this limit. For the purpose of investigating the stability of some of these rocks in even higher fields, a new demagnetizer producing peak fields of up to 200 mWb m-' (2 OOO G), has been constructed.
The demagnetizer
The alternating field is produced by a solenoid of inside diameter 13-0cm and outside diameter 23.0 cm. The solenoid has a length of 19-0 cm and is wound with 16 SWG bicalex covered copper wire in twenty-seven layers of approximately 109 turns each, with a total of 2 936 turns. The solenoid weighs about 70 lb and rests in a cradle which runs on guides so that it can be easily withdrawn from the tumbling mechanism for the rock specimens. The tumbling mechanism is situated at the centre of the solenoid and also at the centre of three orthogonal pairs of Parry coils (Parry 1957) having sides of 41.0, 39-5 and 38.0 cm and spacings 05445 of this in each case. These coils annul the geomagnetic field at the rotating specimen. The solenoid produces a peak field of 19.7k0.3 mWb m P 2 per rms A as determined by the output of a small search coil placed at the centre of the solenoid. It is possible to pass up to IOA through the solenoid without any special cooling arrangements, which corresponds to a maximum peak field of almost 200 mWb m-2. In order to effect smooth raising and lowering of the current in the solenoid a special infinitely variable transformer has been used. The device is shown diagrammatically in Fig. 1 . A laminated iron core AB has two equal and oppositely wound coils AC and CB of total length 24 in. wound along the central portion. The mains supply at 50c/s is connected across these two coils in series. Normally the magnetic flux lines produced by the current in these coils threads through the upper and lower parts of the core in opposite directions and across the air gap at C in the centre. In this way the mutual inductance between the two is minimized. A shorter coil DE of length 9 in., which is short circuited, is placed over either of the two coils AC or CB and rests upon guides. Since this secondary coil is short circuited, the inductance of the primary coil which it encloses (AC in Fig. 1 ) is reduced to zero or very nearly so. In other words the secondary coil DE produces a magnetic field which almost exactly opposes that produced by AC. The magnetic flux lines in this half of the transformer are thus only indicated by dashed lines in Fig. 1 .
In the situation illustrated in Fig. 1 , if the mains supply is connected across the primary coils AB, then the effect of the short-circuited coil DE over the primary coil AC is to produce almost the full mains supply across CB, since the impedance of AC has been reduced to zero or very nearly so. If the secondary coil DE is now moved over the other primary coil CB, the full mains supply now appears across AC and the voltage across CB is reduced to zero. Thus by sliding the secondary coil DE from A to B the voltage across CB can be reduced very smoothly from the full mains supply down to almost zero. The voltage never reaches zero because of the d.c. resistance of CB, but can be made to approach to 0.1 % or less of the mains supply voltage by passing the output from C through a small coil wound around primary coil at A. This produces a small voltage which opposes the residual across CB. The phase of this small voltage is usually not the same as the residual across CB, but this can be corrected with the aid of a suitable capacitor.
The output from CB is applied to the demagnetizing solenoid through a bank of capacitors of 12 pF which together form a series resonant circuit of 50 c/s. The tuned circuit has a Q of about 17 which reduces any second harmonic of lOOc/s present in the mains supply to less than 5 % of its original value. Some previous workers (Irving, Stott & Ward 1961 , McElhinny & Gough 1963 have connected a series resonant circuit, tuned to lOOc/s, across the 50c/s tuned circuit and the output of their mains transformer, in the supposition that this will help reduce the amplitude of any second harmonic component present. Since any transformer device can be regarded as a zero impedance source, such an arrangement can serve little or no purpose in reducing this or any other harmonic. Transformers by their very nature suppress asymmetrical waveforms, so that even harmonics of the mains supply are probably more effectively filtered by them than any other method. As a check on this the waveform of the alternating current passing through the demagnetizing solenoid was analysed using a standard commercial wave form analyser. The results are shown in Table 1 , which gives the percentage of all harmonics present up to the ninth for various currents in the solenoid. The percentage of even harmonics was negligible in all cases. 
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The short circuited coil is attached to a screw having 16 threads/in. which runs along the side of the primary coils AB. The screw is driven by a d.c. motor through a gear box so that the coil DE travels from A to B in either 23, 5, 73 or 15min. Change of speed is effected either by employing a 3 : 1 reduction gear or by applying only half the voltage to the d.c. motor or both. Raising or lowering of the current in the demagnetizing solenoid can thus be carried out over any of these four lengths of time.
The whole system has been arranged so that the process is carried out automatically. The output of a Variac, connected to the mains supply of 230 V, supplies the variable transformer. The dial of the Variac is calibrated and can be preset so that any given current up to 10A will pass through the demagnetizing solenoid on moving the coil DE from B to A (Fig. 1) . When the coil DE reaches the end of its travel at A it operates a switch which reverses the current in the d.c. motor. On returning to the position near B where the current in the solenoid is zero, it operates a microswitch which switches off the motor. This automatic arrangement enables a worker to demagnetize a rock specimen in any desired field and in the meanwhile he is able to measure a previously demagnetized specimen on the spinner magnetometer in the adjacent room. This makes for considerably increased speed in carrying out demagnetization procedures and measurements.
The tumbler
In the previous apparatus used in this laboratory McElhinny & Gough (1963) used a tumbler which rotated about a vertical axis at 140rev/min and about a horizontal axis at 16/15 of this. The specimen was thus made to perform a Lissajous figure of ratio 15:16. A similar ratio has been used by Irving et al. (1961) . Creer (1959) used a ratio of 1O:ll whilst Everitt (1961) and Anthavale et al. (1963) use a ratio of only 1 :2. It is of some interest to examine the usefulness of some of these ratios.
The alternating field is fixed in direction along the axis of the demagnetizing solenoid and the tumbling mechanism brings different parts of the rock successively into this field. Most specimens are in the form of cylinders and taking the axis of the cylinder and any two other axes at right angles to this, passing through the centre of the cylinder, as reference axes, one can plot on a stereographic projection the directions in the rock, with respect to these axes, which are brought successively into the field. It is perhaps easier to imagine the rock specimen as stationary and the field being moved. The projections will then illustrate the path of the applied field through the rock specimen. Some of these are illustrated in Fig. 2 . Only the lower hemisphere paths are plotted for, since the applied field is alternating and the pattern symmetrical, the same pattern will appear on the upper hemisphere as well. In Fig. 2 it is obvious that, for some of the simpler ratios, there are some extreme directions which make fairly large angles with the field and never approach nearer than this. For a given ratio Lissajous figure an angle 8 can be defined which is the smallest angle within which extreme directions never approach the applied field. Table 2 gives these values of 8 for various ratios. These were determined by plotting the appropriate Lissajous figure on a stereonet and obtaining the value of 8 in each case by inspection. As the tumbling ratio approaches unity the angle 8 becomes smaller and for the ratio 15 : 16 used in this laboratory all directions approach to within 4" of the applied field. This means that all directions receive at least a factor cos 8 of the applied field or in this case 994 % of it. For the ratio 1 : 2 used by some workers 8 is as large as 40", which means that there are some directions which receive only 77% of the applied field. This might well result in preferential demagnetization of the rock specimen in some directions. The ratio is the speed of rotation about the vertical axis to that about the horizontal axis. The applied field is along a horizontal axis and 0 is as defined in the text.
The ratio 15:16 in fact corresponds to a 1 : l ratio which is made slowly to precess so that in fifteen revolutions the tumbler returns to the same position and starts a new cycle. For a tumbler performing 140rev/min a complete cycle takes about 6s and a single revolution about 0-4s. There are two objectives when deciding on the most appropriate tumbling arrangement. Firstly it is desirable to have rapid application of the field to all directions during each revolution, for the applied field is being either slowly decreased or increased. Secondly reasonable randomization of directions over a complete cycle is required. Since each revolution of a 15 : 16 ratio corresponds to the pattern for 1 : 1 ratio, during each such revolution some directions never approach nearer than 74" to the direction of the applied field. The 1 : 1 ratio precesses and in fifteen revolutions all directions have passed within 4" of the applied field. The 15 : 16 ratio therefore only meets the second of the two objectives mentioned.
This arrangement could perhaps be improved by making the tumbler perform nearly 1 : 2 or 2 : 3 ratio such as 8 : 15 or 11 : 16. These correspond to a 1 :2 or 2 : 3 ratio respectively which slowly precesses. For the 8:15 ratio, in each revolution all directions approach to within 40" of the applied field, receiving at least 77% of it. The value of 8 for this ratio is 6" so that in a complete cycle of eight revolutions, all directions have received 99-5 % of the applied field. An 11 : 16 ratio is some improvement on this. Every two revolutions all directions approach to within 25" of the applied field and therefore receive 90% of it. A complete cycle takes eleven revolutions and with the value of 8 of 5" for this ratio, all directions receive at least 99.6% of the applied field in this time. These two ratios therefore meet the two requirements outlined and are therefore preferable. These more complicated ratios are difficult to illustrate with any clarity and so in Fig. 2 only some of the simpler ratios are shown.
As a result of the preceding analysis a tumbler having a ratio of 11 : 16 is now used in this new equipment.
